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We, The ^ ^.T«r««x« 

I-MTED, a British Company, of The Mount, 
Broomhill, Sheffield 10, formerly of 17, West- 
bourne Road, Sheffield 10, do hereby dedaie 
the invention, for whidi we pray that a patent 
may granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following statement: 

It is imown that by suitable control of the 
c hemi cal composition of stainless steels it is 
possible to ensure that the austenite citiher 
does or does not transform to martensite on 
cooling to room temperature, the steel being 
austenitic if the transformation range is below 
room tenq)erature and martensitic if it is 
above. 

The production of a stainless steel in which 
the transformation will take place widiin a 
given narrow range is somewhat difficult be- 
cause a variation in any alloying elements 
alters the transformation range. Moreover, 
pearly ail alloying elements tend to form delta 
fexxxm, which is undesirable since it leads to 
a reduction in strength and also makes the 
steel difficult to hot-work. The only alloying 
elements which do not rend to produce delta 
ferrhe axe carbon, nitrogen, nickel, copper, 
manganese and cobalt 

In the practical manufacture of complex 
steds the difficulty of producing a steel to a 
precise composition increases rapidly as the 
number of alloying elements xo be controlled 
mcreases. If Acre is substantial mlerance with 
r^ard to the content of each such element, 
the difficulty is not gnat, but in stainless steels 
of the kind in question the tolerances per- 
xnitted to tiie steelmafccr must be gma|] if 
steels of substantially identical properties are 
to be produced in successive heats. 

Out objea is to provide stainless steels 
which can be reproduced with consistent pro- 
perries witfaoin great difficulty, and whidi 
merefore contain a mmimTiTn number of alloy- 
ing elements, which contain less rhap 150^ 
deha fetiiie in their microstructure after suit- 
[PriceSs.6d.] 



""5^ ^es between 30 and 

AcOTtiing to this invention steels contain 
frra 0.07 to 0.16% carbon, from 14 to 17J% 
chrommm, from 3.5 to 4.5% nickel and not 
more than 0.05% nitrogen. They also contain 
ma^anese eidier alone or with one or more 
ot the elements silicon, mngsten and moly- 
Menum. It is these last-mentioned elements 
whidi are imporunt in producing die 
desired properties, and the steels may be 
re^rded as including an alloy addition X 
which must satisfy the following equation: — 

11 2 
X=.Mn-|-— Si+W + — Mo = 2.5 to 3.5, 
7 3 

where Mix etc. are the percentages of rh^f 
elements. 

The alloy addition X preferably consists 
of manganese with not more than one of the 
ofter alloying elements. The steel will 
obviously be cheapest if the alloy addition is 
either manganese alone or manganese and 
sihcon. However, the addition of at least a 
proportion of the more expensive aHoying 
Clements tungsten and molybdenum may be 
justified because of the increased high- 
temperature strength which these elements 
give. 

Within the ranges of chromium and carbon 
set fonh above neither the highest chromium 
and highest carbon contents nor the lowest 
diromium and lowest carbon contents may 
K>g«her. It is therefore necessary to 
satisfy a further condition, namely that 
a+100C=23.5 to 30, where Cr and C are 
the percentages of these elements. 

Thus in the specification of one steel (A) 
accordmg to the invention the carbon content 
IS from 0.07 to 0.11% and Ae chromium con- 
tent from 16.5 to 17.5%. In another steel 
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(B)y of higher tehsiIc strength, the spedficanon In either of these steds A and B it is 
requizts a caibon content of 0,11 to 0.16% most oonvcniair to nmif*- i^je addition X as 5 
and a g^wwwmm moTmr of 14.0 to 16J%. one of the foUowing: — 





X 1 


X 2 


X3 


Silicon 


1.75 to 2.25 




- % 


ToDgsten 




2.5 to 3.0 


- % 


Manganese 


op to 0.5 


up to 0.5 


2.5 to 3.0% 



The steels according to the invention arc 
first put into the auscenztic state by a sohsion 
10 heat-txeajonen^ and are ^uicated in this 
state;, being conTened to the niartensidc state 
before bemg put into service. The soludon 
treatment should be effected at a temperature 
between 9D0<>Q and 1,100°C. In gcnoal, in 

15 onler to obtain satis&ctory solutian and to 
pre ve n t forming too much deha feiii te a solu- 
tion temperature of I,050°C is preferred. 

The steels according to the invention must 
not contain more dian 15% delta feixite after 

20 cooling in air from 1,050^C An important 
advantage obtained by ^^^Ti^ of the mven- 
tion is that the steels have the desired trans- 
formation properties and contain no more 
than this amount of delta ferrite without re- 

25 quiring the presence (and accurate control) 
of more than a small number of alloying 
elements. HowevcTj it is well known that 
additums of small amounts of elements other 
than those mentioned above are often maH^ 

30 in the manufacture of stainless steely and these 
may be made in the manufacture of steel 
according to the invcmionj provided diat the 
effect is neither to increase the amnimf of 
deha feulu e above 15% nor to reduce the 

35 marteosite transformation range below - 90^C 
Particular examples are snuU amounts (say 
up to OJZ%) of each of die rlrmrnts vana- 
dium, niobium, ahimitiinrnj titanium and 
cobal^ but as the first four of these strongly 

40 tend to form f eixite they axe preferably 
absent. 



In the p r eferred steels tiie only elements 
present are carbon^ cfaromiumj nickel^ nitro' 
gen, manganese widi or widiout either silicon 
or tungsten, and, of course, iron which (except 45 
for impurities) forms the balance of die com- 
position. 

Despite what has just been said the steels 
according to die invcndon may also contain 
copper. The reason for adding copper is that 50 
it produces a precipiianon*hardening effect 
after die iransformadon to martensite. It is 
possible to obtain this precipitation with a 
heat-tre a tmen t at a temperature (450oC.) 
which is not high enough to produce soften- 55 
ing of tiie martensite, and consequently the 
hardming effea obtained is addidonal to that 
produced by the martensite. 

The addition of copper is, of course, dis- 
advantageous in that the content of it must 60 
also be closely controlled. If it is present at 
all, except as an impurity, the amount 
should be at least 1%, because below this the 
amount of copper-rich phase which preci- 
pitates is small and consequently, the harden- 65 
ing effect is small. The copper content may 
be as high as 4%, but above this the system 
is so imstabie that the copper-rich phase will 
precipitate before the mariensiie trans- 
formation takes place and the precipitation- 70 
hardening effect is lost The preferred copper 
content is from 1.5 to 3.5%. 

The presence of copper affects the equa- 
tion for X, so if copper is present tiiis 
equadon must be modified to become: — 75 



11 2 1 

X=A4nH-— SiJ-W+^lo + — Cu = 2.5 to 3J. 
7 3 2 



The conversion to the martensidc state is 
eff ected by heat-treatment. One heat-treat- 
ment comprises heating to cause precipitadon 

80 of chromium carbide, say to 700*^C. for 2 
hours. Since this lowers the amount of both 
chromimn and carbon in solid soludon, the 
martensite transfozmadon range is raised. 
Cooling to room temperature now causes die 

85 steel to pass through the martensite range and 



haideiung will occur. Another heat-treatment 
comprises cooling the steel below the tians- 
formanon range, say to about -80°C 

Typical figms for the martensite range for 
steels A and B with alloy addidons XI, X2 
and X3, mgedier with the mechanical proper- 
des which are obtainable after the two 
different heat-treatments, are as follows: — 
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AwithXl AwithX2 A wMi X3 B with 



Alartcnsia 

Range 30 to -80 20 to -90 20 te -W 20 to -90 

TcQsilc stxcxigtli 
(tons/sq. inch) 
Afea: 

700° C for 2 hours 70 73 
-78*' C for 1 hour 85 88 
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90 



.J^x ^^-^™«it puts the sttcl iniD the ttmpeting treatment between 450 and ^snor 
5 ^J.^^^'^.Z^^;^^ negate this heat-treatmeat are ^venLo^w: 



A widi XI A widi X2 A with X3 B with XI 



Teosile strength 
(Tons/sq. inch) 
700** C for 2 hours 

450" C. for 2 hours 
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Br^'^L^Z'^'^J to steels A and obtained after the hcat-neatmcnts set forth 
o IS 2% maneanrfe +2% copper, typical are:— 
tensile strcngtiis in tons per square inch 
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Steel A 


Steel B 


After 2 hours ^ 
at 700° C. 
followed by 
4 hours at 
450° C 


^ 80 


90 


After 1 hour " 
at —78° C. 
followed by 
4 hours at 
450° C 


90 


100 



WHAT WE CLAIM IS: — 
1. Stainless steel containing from 0.07 to 
O^/o carbon, from 14 to 17.5% chromium, 

n^o/^*^. ^ "^'^"/^ ^ niore than 

0.05 ^ nitrogen, characterised by a content of 
manganrfflr with or without one or more of 
the elements silicon, tungsten and molybdenum 
m an amount such that 

11 2 
Mff+^i + W+— Mo=2.5 to 3.5, 
7 3 



the chromium and carbon contents being such 25 
*at Cr+100C=23.5 to 30, and ^ steel 
bemg also characterised by less than 15% 
delta ferrite in its microstructure when air- 
cooled after heat-treatment at 1,050°C. and 
having its martensite transformation ranee be- 30 
rween 30 and -900C. 

2, Stainless steel containing from 0 07 to 
0.16% carbon, from 14 to 17.5% chromium, 
from 3^ to 4.5% nickel, not more than 0.05% 
mtrogen and m a ngane s e witii or without one 35 
or more of the elements silicon, tungsten and 
molybdenum such that 
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11 

Mii+— Si + W- 
7 



2 
3 



.5 to 3.5, 



10 



15 



20 



with or without one or more of the gii-nmts : 
vanadimn, niobium, aluminium and titaninm 
in an amount not pygy^^mg 0^% each, the 
balance except for ^mpTrrn^ being iron, and 
the chrominm and carbon concenis being sodi 
that Cr+100C=23.5 to 30. 

3. Stainkss steel contaxning from 0.07 to 
0.11% carbon, frran 16J to 17J% chromium, 
from 3^ to 4^% nickel and not more rhag 
0.05% nitrogen, togctiier with mnnggww ^th 
or without eitfaer silicon or tungsten in 

11 

amounts soch that Mn+ — Si + Ws2.5 to 
7 

3 J%j the balance except for impurities being 
iron. 

4. Stainless steel containing from 0.11 to 
0.16% carbon, firom 14.0 to 16J% chromium, 
from 3 J to 4.5% nidcel and not more than 
0.05 nitrogen, together with manganese widi 
or without either silicon or tungsten in 



11 

amounts such that Mn^- — Si-rV=2.5 to 

3.5%, the balance croept for impurhies being 
iron, and the chromium and carbon contents 
being sudi that Cr+ 100C=23.5 to 30. 

5. Stainless sieci according to any of the 
pin rflrng rljtmc except that it also concains 
copper not exceeding 4%, and that 

11 2 

Mn-t~Si4~Mo + §Cu = 2.5 to 3.5. 
7 3 

6. Stainless steel according to r}niTn 5 in 
which the copper content is from 1.5 to 3.5%. 

7. Stainless steel containing from 0.07 to 
0.11% caibon, from 16.5 to 17.5% chromium, 
from 3.5 to 4J% nickel, not more than 0.05% 
nitrogen and from 2.5 to 3.5% manganese, 
the balance except for impurities being iron. 

For the Applicants: 

GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52, Chancer^' I^e, 
London, W.C.2. 
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We, The United Steel Companies 
Ltmited, a British Company, of 17, West- 
bourne Road, Sheffield 10, do hereby dedaxe 
this inventzon to be described in the follow- 

40 ing statement: — 

It is knoivn tiiat by soitable control of 
rhwnira l composition it is possible to obtain 
a stainless ste^ in which the austenite either 
does or does not transform to znartensite on 

45 cooling to room temperature, the steel being 
austenitic if the transformation range is below 
room temperature and Tngrr^^ r if* if it is 
above. 

The production of a stainless steel in which 
50 tiie transformation will take place within a 
given narrow range is somewhat difficult be- 
cause a variation in any alloying element 
alters the uansformation range. Moreover, 
nearly all alloying elements tend to form delta 
55 ferrite, whidi is undesirable since it l^ fld5 to 
a reduction in strength and also malrps the 
steel difficult to hot-work. The only alloying 
elements which do not tend to produce delta 
ferrite are carbon, nitrogen, nickel, copper and 
60 manganese. 

We have discovered that if* we maix stain- 



less steels of certain specific compositions they 
win contain less than 15% delta ferrite in 
their microstructxzre and their martensite 
transformation range will be confined to a 
range of approamately lOO^C below room 
temperature. The steels according to the in- 
vendon contain from 0.07 to 0.11% carbon, 
from 16.5 to 17J% chromium, from 3.5 to 
4.5% nickel and not more than 0.05% nitro- 
gen. They also rmtnir) manganese with or 
without silicon or timgsten or both. It is 
these three last-mentioned elements which are 
important in producing the desired properties, 
and the following equation must bie satisfied 

11 

Mn+— Si+W=2J to 3J% 
7 

It is most convenient to add either silicon or 
tungsten together with a small amotmt of 
manganese or a larger amount of manganese 
wthout any silicon or tungsten. Thus the pre- 
ferred steels have the following contents of 
these elements: 
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